CERIUM AND GADOLINIUM OXIDES PRECURSORS OBTAINED VIA UREA HYDROLYSIS
S. M E R I A N I , E. LUCCHINI and 0 . SBAIZERO I s t i t u t o d i Chimica Applicata e I n d u s t r i a l e , Via V a l e r i o , 2 , I-34127 T r i e s t e , I t a l y R6sum6 -On a obtenu par hydrolyse i l f u r 6 e de solutions aqueuses de nitrates, la coprkcipitation des carbonates de cgrium et de gadolinium utilisables pour la prkparation de solutions solides entre les oxydes correspondants.
Abstrcct -Mixed cerium and gadolinium "carbonates", a s p r e c u r s o r s --of t h e i r oxides' s o l i d s o l u t i o n s , have been obtained by t h e a c t i o n of homogeneous h y d r o l y s i s of urea on t h e i r n it r a t e s aqueous s o l u t i o n s . I -INTRODUCTION
Ceramic m a t e r i a l s w i t h t h e " f l u o r i t e " type of s t r u c t u r e based on "doped c e r i a " e x h i b i t i n t e r e s t i n g e l e c t r i c a l p r o p e r t i e s a t high temperatures which make them c a n d i d a t e s f o r oxygen monitoring devices and f u e l c e l l s systems / I , 2 / .
The method of preparing t h e s t a r t i n g powders g r e a t l y i n f l u e n c e s t h e f in a l p r o p e r t i e s of t h e s i n t e r e d samples. The i m p u r i t i e s i n t e r f e r e with t h e g r a i n boundaries and a f f e c t t h e i r m i c r o s t r u c t u r e and t h u s t h e elect r i c a l c o n d u c t i v i t y of p o l y c r i s t a l l i n e m a t e r i a l s / 3 / . Chemical methods, o r i e n t e d t o powders' p r e p a r a t i o n , have gained increasing i n t e r e s t among m a t e r i a l s s c i e n t i s t s and t e c h n o l o g i s t s . The chemical s y n t h e s i s of t h e ceramic m a t e r i a l s i s expected t o play a major impact r o l e on t h e ceramic and g l a s s f a b r i c a t i o n processes.
"Chemical-ceramics" o r "Synthetic-ceramics" may become a f i e l d of common i n t e r e s t between chemists and c e r a m i s t s i n view of promising mutual b e n e f i t s .
The work herein r e p o r t e d i s p a r t of a r e s e a r c h program undertaken t o provide s i n t e r -r e a c t i v e powders of ceramic i n t e r e s t which should meet higher m a t e r i a l s requirements. These a r e some preliminary r e s u l t s about t h e thermal evolution of t h e "carbonates" of cerium and gadolinium.
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These " c a r b o n a t e s " have been o b t a i n e d a s p r e c i p i t a t e G . c r y s t a l l i n e prod u c t s by t h e a c t i o n of t h e homogeneous h y d r o l y s i s of u r e a on t h e i r b o i li n g n i t r a t e s s o l u t i o n s .

I1 -EXPERIMENTAL METHODS
The Ce(+3) and t h e Gd(+3) n i t r a t e s s o l u t i o n s , mixed w i t h t h e p r o p e r amount of u r e a and b u f f e r e d w i t h ammonium n i t r a t e , upon b o i l i n g were expected t o d e l i v e r t h e c a r b o n a t e s a c c o r d i n g t o t h e t h e r e a c t i o n :
The washed and d r i e d samples have been i n v e s t i g a t e d w i t h t h e Simultaneous Thermal Analyser (STA) Netzsch t y p e 4 0 9 , coupled w i t h a B a l z e r s Quadrupole Mass Spectrometer (QMS)-311, under a p u r i f i e d A r atmosphere f o r b e t t e r d e t e c t i o n of t h e evolved g a s e s .
Scanning E l e c t r o n Microscopy images a r e r e p o r t e d t o g i v e evidence of powders' morphology and s i z e b e f o r e and a f t e r t h e decomposition s t e p s .
-RESULTS AND DISCUSSION
The t h e r m a l e v o l u t i o n of t h e C e ( + 3 ) and Gd(+3) c a r b o n a t e s a r e r e p o r t e d i n F i g u r e s 1 and 2 , r e s p e c t i v e l y . On t h e b a s i s of t h e STA -M S r e s u l t s t a k i n g i n t o account t h e r e p o r t e d l i t e r a t u r e d a t a /5,6/, we a r e o f t h e o p i n i o n t h a t t h e most p r o b a b l e compound o b t a i n e d i n t h i s p r e c i p i t a t i o n
procedure i s t h e mono-0x0-carbonate-hydrate of C e ( + 3 ) . Accordingly t h e proposed decomposition mechanism i s t h e f o l l o w i n g . Ce20(C03)2.2H 0 = Ce 0 (C03) + 2 H20 + C02 2 2 2 ( t h . w . 1 . 17.7%)
( t h . w.1.
6.2%) 2
The t h e r m a l decomposition of t h e Gd-carbonate i s r e p o r t e d i n Fig. 2. I t i s c h a r a c t e r i z e d by t h r e e s t e p s . It i s b e l i e v e d t h a t t h e most prob a b l e formula, based on t h e s e r e s u l t s and t h e l i t e r a t u r e d a t a / 7 , 8 / , i s t h a t of t h e b a s i c c a r b o n a t e w i t h t h i s decomposition mechanism:
2 2 2 ( t h . w . 1 . 15.6%) Gd202 ( C03 ) = Gd203 + C02 i n two s t e p s ( t h . w.1. 5.5 + 3.5%)
It must be p o i n t e d o u t t h a t t h e two s t e p s can d e r i v e from " b r i d g i n g " (O=Gd-CO -Gd=O) o r " b i d e n t a t e " ( C O 3 =~d -0 -~d = o ) c a r b o n a t e i o n s , a s it 3
has been proposed by s p e c t r o s c o p y methods / a / .
The c o p r e c i p i t a t e d Ce-Gd-carbonate mixed c r y s t a l s e x h i b i t a t h e r m a l decomposition r e p o r t e d i n F i g . 3 which i s q u i t e s i m i l a r t o t h a t o f t h e s i n g l e Ce compound. The weight l o s s e s and t h e i r sequence w e l l ag r e e w i t h t h e mono-0x0-carbonate-hydrate formula a c c o r d i n g t o t h e f o llowing decomposition mechanism:
with a th.w.1. of 17.5 in the first and of 6.6% in the second. Found weight losses are reported in Fig. 3 , as they were in previous ones. SEM image (5000 x ) of t h e s i n g l e SEM image (5000 x) of t h e s i n g l e Cerium "carbonate" p r e c i p i t a t e d Gadolinium "carbonate" p r e c i p i t a t e d
Cerium
Ce O(C0 ) -2H20 2 3 2 Gd2 (OH) KO3) 2 . SEM image (5000 x) of t h e mixed SEM image (5000 x) of t h e Ce-Gd co--Ce-Gd mono-0x0-carbonate-hydrate p r e c i p i t a t e a f t e r decomposition.
F i g u r e s 4,5 and 6 r e p o r t t h e powders of t h e s i n g l e and c o p r e c i p i t a t e d m a t e r i a l s . T h i s l a t t e r , a f t e r t h e decomposition s t e p s , i s p r e s e n t e d i n F i g . 7. The shape o f t h e c r y s t a l s i s maintained a l t h o u g h a t a c l o s e r examination, t h e s u r f a c e a p p e a r s porous. Furthermore, i n o r d e r t o comp a r e t h e s h r i n k i n g t r e n d s of t h e c o p r e c i p i t a t e d powders w i t h t h e "mixed and ground" c r y s t a l l i n e o x i d e s of t h e same composition, some p r e l i m i n ar y d i l a t o m e t r i c r u n s were undertaken w i t h t h e r e s u l t s r e p o r t e d i n Fig.8 I n v e s t i g a t i o n s about t h e ceramic behaviour o f t h e s e m a t e r i a l s a r e i n p r o g r e s s . 
F i g . 8 -D i l a t o m e t r i c b e h a v i o u r s I V -CONCLUSIONS
From t h i s p r e l i m i n a r y i n v e s t i g a t i o n it c a n b e recognized t h a t t h e homogeneous h y d r o l y s i s of u r e a i n b o i l i n g aqueous s o l u t i o n s of Ce -Gd n it r a t e s produces a q u a n t i t a t i v e p r e c i p i t a t i o n of e i t h e r "oxo" o r "hydr0x0" c a r b o n a t e s , which upon t h e r m a l t r e a t m e n t d e l i v e r t h e o x i d e s s u i t ab l e f o r ceramic p r o c e s s i n g s . T h i s work was undertaken under t h e f i n a n c i a l s u p p o r t of t h e CNR-Italy. Authors thank D r . E. K a i s e r b e r g e r , Netzsch-Selb (FRG) which made t h e s e measurements p o s s i b l e .
